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The science in the high school that nourished a generation or 
two ago is best known to us as "natural history." It is as far away 
from the science that flourishes in our universities and colleges 
or even our high schools, as the Gentleman's Magazine is from a 
wissenschaftliches Centralblatt. 

It is not difficult to regret this passage, to recognize the human 
interest, the power of inspiring healthful curiosity, the fact that it 
was on all fours with even adolescent intelligence; to recognize, 
in a word, that it possessed reality for' the student, and quickened 
rather than deadened his interest in the sciences to which it served 
as a humble portico. Our regret may even pass over into a program, 
an extension of the culture-epoch program. We can point out that 
it was out of beginnings such as these that the most scientific of 
modern sciences arose; that, further, the concrete interest, the 
shrewd guesses, the search for tangible causes, which a Franklin 
incarnates, is just the attitude which high-school boys and girls can 
take toward the physical world around them. And the conclusion 
to be drawn seems to be that secondary-school science should return 
to natural history as the proper introduction of the secondary-school 
child to science properly so called. 

It does not seem necessary that the natural history of a modern 
school curriculum should embody the mistakes and crudities of an 
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earlier phase of the science. What is necessary rather is that the 
immediacy, the tangibility, the comprehensibility of the older nat- 
ural history should replace the technical introduction to university 
sciences which have ousted it from its former place. That is, there 
is seemingly no necessity for the loss of immediate touch with the 
experience of the child. 

Certainly the same problems face him which faced his father 
and grandfather, and there is unquestionably in him as in them 
the same native interest in the solution of these problems. Perhaps 
we should add: There is the same interest, provided they remain 
as concrete and comprehensible as those which his predecessors 
found or accepted when presented. 

It is equally necessary to recognize, however, that while the same 
problems arise from one generation to another, the solutions differ 
with each scientific generation; and the fallacy of a culture-epoch 
theory lies in the assumption that, because the problems seem to 
be identical, it is possible to give the modern child the antiquated 
solution. We state only half of the educational problem when we 
emphasize this identity of attitude of the boy in his teens with 
that of the old-fashioned natural history. In spite of ourselves, 
we are compelled to answer his questions in the language — the 
scientific language — of today. And it is upon this difficulty that 
as yet our high-school science has been wrecked. 

We cannot speak of fluids and forces and substances in what 
to us is the nonchalant manner of earlier days. The phenomena 
of the world about us have been translated into facts of motion, 
and the very things themselves — their substances and attributes — 
are defined in terms of motions. The teacher who has been ade- 
quately trained in his subject-matter cannot project himself into 
outworn theories, simply because they are more comprehensible 
to his students. 

It is then only natural that he should assume that his task is to 
train the student to understand the language which he must eventually 
use in the solution of the problems he meets. He must understand 
and speak this language, if he is to solve the problems, so that it 
becomes of the first importance to master the vernacular. The 
problems — the familiar experiences of light, of heat, of electricity, of 
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chemical change, of growth and reproduction in plant and animal — 
can be safely postponed till he understands how so to state them 
that he may then satisfactorily answer them. 

There have been, of course, many compromises offered, lying 
between the two positions suggested above: that science in the high 
school should be adapted primarily to the immediate' interest of 
of the child, being taught only in so far as it is stated in terms which 
he understands, and only those problems being presented which 
arise naturally in his own consciousness; and that science can be 
profitably presented only in so far as it is expressed and received 
in the language which sciences uses; that it is a body of truth that 
cannot be diluted nor flavored to suit the taste of the child; that, 
on the contrary, it is the child's first duty to acquire that language, 
and put himself by this and similar training in a position to com- 
prehend the actual problems of science, when presented to his more 
matured intelligence. 

It cannot be said, however, that these compromises have suc- 
ceeded. And it is natural that, on the whole, the scientific expert 
should carry the day. He stands for the university requirement 
in the first place; and, though but relatively few of the high-school 
students enter colleges or universities, the college requirement is, 
after all, a standard that is explicit and definite; while the world into 
which the majority of the students pass from the high school sets 
no explicit standards, and takes in general very little interest in the 
high-school curriculum. 

The result is that at the present time science means from one 
to three possible units. University prescription lays the emphasis 
upon physics. Chemistry is but slightly encouraged, for college 
instructors in chemistry prefer commencing de novo to building 
upon foundations that can be laid in the high school. Biology may 
be represented by a general course which is an introduction to botany 
and zoology, or by a half or entire unit given to either. Here the 
modern physiological method is superseding the older systematic 
method, and there is present the somewhat unsatisfactory leaven 
of evolutionary ideas, which are either too dogmatic or too vague 
to serve the purpose for which they are used. The absence of math- 
ematics favors biological science in the mind of the high-school 
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student, but its position is too isolated, and the demand for it in 
entrance requirements not general nor peremptory enough, to give 
it the importance which physics has obtained. Physiography, the 
lineal descendant of the older physical geography, is acquiring a 
growing importance, for reasons which will be discussed later; 
but it uses ideas which require training in physics and chemistry 
for comprehension, and, as generally taught, lacks the concreteness 
of experimental sciences. 

The university influence upon the study of science has not been 
fortunate. Even its power to introduce definite standards has 
been attended with grave misfortunes. Entrance requirements 
present alternatives. The high school is encouraged to expend 
the money and hours at its disposal for science upon some one branch, 
and the result is that, even if a number of branches are represented, 
they are treated as units with little or no relationship to each other. 
And, as above noted, the university is the only power that comes 
forward with definite demands that have penalties attached to them. 
Thus the sciences in the high school are hopelessly isolated. They 
exist in water-tight compartments, with none of the interrelation- 
ships which are implied in their own subject-matter, and which 
are essential to their comprehension, especially for the student of 
this period. The textbook writer or the teacher trained in his sub- 
ject unwittingly uses ideas belonging to a world of science, which 
his own specialty implies, and forgets that his students have yet 
to build up that world in their own experience. 

That isolation is most felt in the separation between mathe- 
matics and those sciences of which it is the language. The students 
pursue algebra, geometry, and, reaching physics, where they meet 
the abstract quantity to the measurement of which these branches 
of mathematics are fitting them or should fit them, they do not and 
perhaps cannot feel the connection. The subject has been pre- 
sented to them as a study quite by itself, much as grammar in the 
study of a language with which one is not familiar. As we have 
discovered that it is impossible for a child to learn the rules for the 
use of a language first, and then apply them in speech afterward, so 
we have to learn that the rules for mathematical processes cannot be 
acquired in advance of the application of these processes. It is 
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at least a fact which no one familiar with the teaching of physics 
will deny that the training, which children receive in algebra and 
geometry, as it is now taught, does not assist them in stating in 
mathematical terms the problems which physics presents. If there 
is any preparation which the teacher of physics would ask for, if 
he could get it, it would be that his students should come to him 
with the power of stating a physical problem in exact quantitative 
terms. But the formal training in adding, subtracting, multiplying, 
dividing, of whole numbers and fractions in algebra, does not ad- 
vance a whit toward this end. The problems of physics call for 
the statement of continuous processes in discontinuous terms, of 
movements in number. The mathematical discipline that accom- 
plishes this is algebra applied to geometry. But in high-school 
mathematics there is no suggestion that these two branches have 
any relationship with each other. And no training that the child 
receives in them there assists him in bringing the two together. They 
are completely isolated from each other and from physics. 

This is so apparent that the demand on the part of the educa- 
tional authority is for physics which shall not be predominantly 
mathematical, that there shall be a return to the standpoint of the 
old natural history. 

This is, however, but a single illustration of a situation which 
embraces the whole field of science in the high school. That the 
child may really comprehend any of the phenomena which he 
studies in any field of science, it must be stated in terms of a world 
in which he lives and moves and has his being. That world is the 
naive world of the child, and he cannot live in it and learn something 
that belongs to another world, the world of science. His whole 
world must be in some sense transformed before he can approach 
the problems of the separate sciences in a scientific fashion. The 
result of the type of teaching which is now predominant in our sec- 
ondary schools is that, what the child learns does not interpret his 
own world at all. A teacher of psychology has recently complained 
that his classes have not the faintest knowledge of the physical 
phenomena of sound and light, though in the high school a very 
large proportion of them have studied these very topics. What 
they learned there did not enter into their own experience and become 
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an interpretation of the sounds that they heard, of the light that 
they saw. 

The conclusion of this seems to be, not that we should turn to 
an antiquated method of presenting science, but that the child 
should be carried into the world of science before he is dispatched 
into the separate divisions of that world. And the high-school 
student should be brought into this world, not simply that he may 
overcome the isolation of the separate sciences in his curriculum, 
but because he has reached a period at which he naturally analyzes 
and refers the results of his analysis to some whole to which they 
belong. 

The child below the high-school period has, as a rule, no such 
interest. Each experience is to him a matter of interest in itself, 
and though it is unconsciously interpreted by what he sees 
and hears and reads, still his interest does not lead him to make it 
consciously a part of some larger whole. All that he has learned 
or experienced converges upon the immediate thing before him. 
It does not radiate out into a new world which his thought constructs. 

The predominant intellectual characteristic of the adolescent 
age is that the child wakes up to the existence of a world about him 
that he belongs to, but of which he is as yet ignorant. 

Adequate materials for the reconstruction of his social world 
are placed at his disposal. Literature, history, stories of adventure 
and travel, especially novels of all descriptions, are in these days 
within easy reach, and are made so tempting in style, illustration, 
and content that the process of building up the new social world 
is pushed too fast, and the child becomes socially over-stimulated. 

Something of the same opportunity is offered in popular works 
on scientific subjects. Boys' books of inventions and discovery, 
Jules Verne's stories, and the articles in our countless magazines 
popularizing scientific discoveries and methods, awaken an interest 
which the applications of steam and electricity keep alive. With 
these interests come the instincts for constructions and collections 
of various sorts, out of which a scientific spirit and a wide acquaint- 
ance with the world of science should result. 

The result, however, is not what it should be. The study of 
science in the school is neither extensive enough, nor does it grow 
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out of the instincts and interests of the children. While the language 
of his new social world is that of everyday life, that of the science 
he studies is a mathematical vernacular, which is not even compre- 
hended without serious effort, and, as we have indicated above, 
he is not even allowed to use the language till he has mastered its 
grammar and syntax. There is nothing into which he cannot enter 
by the door of his vivid imagination, if it is presented to him in 
terms of human experience. He acquires almost unconsciously 
the political and social structure of this world. It is essentially 
comprehensible to him from the start; while most scientific con- 
cepts and laws are acquired with painful effort. And this effort 
is requisite, not because the concepts and laws are incomprehensible 
in themselves, but because they belong to a different world from 
that of the child's immediate experience, and one that does not 
grow up naturally and unconsciously out of that experience. 

It is this background of a scientific world which the high school 
must supply if it is to give the child the same natural attitude toward 
the scientific studies in the curriculum, as that which he occupies 
toward the studies in language, literature, and history. It cannot 
be given him as the fait accompli of the trained mind. It must 
grow out of the immediate experience of the child, and yet it must 
stand out as a whole within which lie the fields of the different 
sciences. It is impossible that the child should comprehend the 
meaning of a physical, as distinct from a chemical or a biological, 
problem, unless he has felt them arise out of a common matrix of 
experience. 

Such a common matrix is suggested in physiography, not as it 
is presented in the textbooks of the subject, but as it might be 
presented in a course which would be an introduction to science. 
Physiography at least takes its world as a whole, and the world is in 
the main that which appeals to the direct sense-perceptions of the 
children. It presents that as a subject for investigation, and for 
the time being all the scientific problems are there lying side by 
side, and mutually conditioning each other. Problems of pressure 
and precipitation, of electricity, of solution, of plant and animal growth 
and distribution, of commerce and land formation, all arise from 
the study of the habitat within which the human race is found. 
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That habitat has a meaning as a whole for the child, and the prob- 
lems that grow out of it are not isolated. On the contrary, they 
can be kept in intimate interrelation with each other and with the 
world within which they appear. 

Physiography as presented in our textbooks assumes rather 
than develops the scientific conceptions. The students receive 
without any concrete experience terms such as "solutions," "pre- 
cipitations," "warmth," electricity," "disintegration of rocks through 
weathering." The opportunity of making the important concep- 
tions of science fundamentally real at the very outset is lost. They 
become terms with little meaning, that are oppressive rather than 
enlightening thereafter. The beginnings of scientific work with 
children must be field and laboratory work. Such a course in 
the introduction to science would be given best of all without a text- 
book. Taking as its starting-point the problems of erosion and 
weathering that are to be found on the large and small scale every- 
where, coupling with this some of the problems of plant distribution 
and dependence upon surrounding conditions, field-work would be 
the beginning, while the questions of the effects of cold and heat, 
of solution and precipitation, the physical processes involved in wind 
and the change of the seasons, would present opportunities for labora- 
tory experiment; in other words, for the development in the children's 
concrete experience of the conceptions necessary for the study of 
the physical environment as a whole. At the same time, it would 
be the differentiation of physical, chemical, and biological problems 
as distinguished from each other. 

The problem of the proper relation of mathematics to the sciences 
is a much more serious one, and one that will involve a very con- 
siderable reorganization of the study of mathematics from the begin- 
ning. For the purposes of application to science, mathematics 
must be considered as the theory of the measurement of motion. 
Geometry and algebra — the continuous and the discrete — can 
never be separated from each other if this point of view is to be 
maintained. It is a point of view which should be maintained 
from the start — not one that has to be achieved with pain and effort 
later. The equation presented in the form of the graph is the nat- 
ural tool, more easily grasped when properly presented than the 
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complicated manipulations of algebraic symbols in the processes 
of addition, subtraction, multiplication, division, with their appli- 
cations in fractions and factoring. If mathematics were approached 
from this standpoint from the beginning, its value as the language 
in which scientific meaning is to be expressed would be won; 
instead of being a subject-matter largely incomprehensible because 
hopelessly abstract, it would become a transparent medium within 
which the concrete contents of science would appear. 

There are, then, two great separations that have to be overcome 
in bringing science in the high school to its legitimate position, to 
its rights: (1) the separation between the science and the world 
to which it belongs — the isolation of the science — an isolation from 
the experience of the child, the isolation from the other sciences which 
leaves them each abstract and helpless within its own compartment ; 
(2) the separation of the sciences from the language in which to so 
large a degree they must be expressed — a separation which is ren- 
dered necessary by the manner in which the mathematics is taught. 
It is this separation which constitutes especially the middle wall of 
division between the child and his expert instructor; it is this sepa- 
ration which calls for a physical science which shall be non-mathe- 
matical. The instructor has learned that his physical problem can 
be stated only in terms of mathematics, and is helpless when he is 
deprived of the medium in which alone he is able to express himself. 
There is no question that the highly abstract form in which the 
mathematical statements of university physics are given is unnatural 
to the boy and girl of the high school; but this is quite a different 
thing from the statement that their physical science should be pre- 
sented without mathematics. It is not necessary that mathematical 
statement should be eschewed because the child is not interested in 
the niceties of exact mathematical statement. The graph remains a 
mode of presenting continuous change which is graphic and concrete, 
and which welds together what must be presented together if physics 
is to have the value of scientific training-motion measured in dis- 
crete terms. 

There is another respect in which the influence of the university 
upon the high-school science has been unfortunate. In its sense 
of competency and the incompetency of the high school and the 
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high-school child to deal with science, the influence of the univer- 
sity has inevitably been to restrict the extent of the field of science 
in the high school. Let science be confined to that which the child 
in these years can accomplish in accordance with exact methods. 
It does not matter so much how much the child learns. The 
important thing is that he should make use of the proper method. 
The amount that he can adequately conceive is very small; let 
him therefore confine himself to that and do it correctly, leaving the 
rest to a period which is equal to the more difficult task. Thus he 
will at least bring to later study an unspoiled mind, and what method 
has been acquired will not have to be unlearned. From this stand- 
point it makes very little difference what a child learns, if he only 
does it in a really scientific manner. Let him keep the tentacles 
of observation sensitive. Whether his few observations are made 
in one subject or another is unimportant. The important thing is 
that he has learned to observe, to distinguish between what is 
uncritical assumption and what is fact. Science in the high school 
can almost be left to the chance of the equipment of the teaching 
force. If the science teacher is especially well equipped in biology, 
let the subject-matter be botany or zoology; if he is a physicist 
or a chemist, let one of these be the scientific pabulum of the child. 
What must be insisted upon is that the instructor be competent 
to direct the child's work in the scientific spirit and method, giving 
him the doctrine pure and undefiled. 

I have already indicated that this is theoretically almost impos- 
sible, because the fundamental conceptions of all the sciences 
are so interwoven that it is impossible to pursue one branch by 
itself, without making use of conceptions which are to the child 
abstract and meaningless. If the position taken above is correct, it 
is necessary that these fundamental scientific conceptions be developed 
out of the experience of the child in a course which shall be intro- 
ductory to all the sciences. But this isolated manner of giving 
a child his science does him a wrong that is more serious than that 
of forcing him to use conceptions that he does not comprehend. 
It deprives him of the world of science, to which he has as incon- 
testable a right in his years as the adult in the university or else- 
where. 
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It has been already indicated that the child finds a literature 
so adapted to his intelligence that he is capable of fashioning in the 
adolescent period a social world into which all his experiences and 
acquirements fit naturally. It is not the world which he will have 
in his maturer years, when he has learned to apply historical criti- 
cism and literary judgment to the subject-matter of his study, but 
it is a world which is a whole, and which as a whole serves to inter- 
pret the individual things that he learns and experiences. Ancient 
history dovetails with the ancient languages and literature. Whether 
he is studying one or the other, it remains all a part of one organ- 
ized piece of human experience. Each element serves to interpret 
the other. In the same way there arises very soon a mediaeval 
period, even if it is gained only through the sources of Walter Scott. 
The Reformation, and the wars and struggles that gathered around 
it in England and the Netherlands and America, constitute another 
whole into which the different facts of history, modern institutions, 
and movements of population and commerce fit naturally enough, 
and from which they get their interpretation. There is no neces- 
sity of any fact or change standing shivering by itself. They can 
all have their relations brought out through the whole movement 
or situation to which they belong. 

We should at once cry out that the child was being cheated if 
our high schools should deprive him of this whole, and the inter- 
pretation which it carries with it; if we should attempt to isolate 
history from language and literature, to isolate the study of insti- 
tutions from that of biography, discovery, and warfare; if we should 
say the child cannot take the attitude of the historical critic as yet, 
but what he must learn at present is to use properly the method on 
a small scale, with a few facts. Let him then take some isolated 
problem in history and gather the data from sources; when he is 
older he will be able to comprehend what he has done. Let him 
simply keep his capacity for observation keen, and later he will 
come with a matured mind to grasp the import of what he observes. 
We should reply that, no matter if he does revise his judgments 
of men and affairs, their history and achievements, when he is older, 
he has an unquestioned right to comprehend and think them earlier 
according to his powers. He has a right to the world as he can 



248 THE SCHOOL REVIEW 

present it to himself, and especially to the interest and meaning 
which this carries with it. He has an equal right to the world of 
science as a whole for the meaning and interpretation which it 
carries with it; and a high-school curriculum which gives him 
some of the fragments of this world only,and does not allow him to form 
such an idea of it as an entirety, is cheating him out of what belongs 
to him at that time. 

It is a commonplace of the times that we are living under the 
sign of science, that greater changes have been brought about by 
the applications of science to human affairs and apparatus than 
have ever been wrought before in human history. We recognize 
also that the discoveries of science have made the reconstruc- 
tion of institutions, governmental and religious, necessary; that the 
bringing together of the ends of the earth, by steam and elec- 
tricity, has presented us with entirely different moral problems, 
has reconstructed the theory of who is my neighbor. We know 
that change in scientific hypothesis has brought with it a new era 
even in philosophy. And yet, while the high-school student gets 
the sweep of the development of democracy as a whole, of the long 
struggle for liberty, of growth of empires and the spread of commerce; 
and while these vast organic wholes rest in the back of his mind 
to correlate the events of yesterday and today, he is not helped to 
a view of the scientific world as a whole. What he gets in this way 
is confined largely to the popular articles in the magazines, and 
the science he has in the school is so isolated that it does not even 
dovetail into this. It follows that, at a period when he is pecul- 
iarly sensitive to moral forces and ideas, he does not come into touch 
with the high morality of science, with its decalogue of disinter- 
ested exactness, its idealistic hypotheses, its gospel of human intel- 
ligence. Furthermore, the set he gets against science in the high 
school follows him into the university or out into the world. The 
scientists in the university complain that scientific courses are 
not placed upon the same level with the language and literature 
courses. They fail, however, to recognize that back of these latter 
courses lies a whole organized world of human experience that 
takes up into itself history, philology, literature; while back of 
their scientific studies lies at first almost nothing. The beginning 
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is a difficult reconstruction of current conceptions, or an equally 
difficult discovery of meaning in terms and phrases which have 
been loosely and uncomprehendingly used before. 

This preliminary work should be done in the secondary school, 
not simply for the sake of the university, but for the sake of the 
student himself. For it is science that carries with it the most modern 
and the most profound culture, for the simple reason that it is 
science which is the source of our ideas and ideals, at least of the 
formative ideas and ideals. 

DISCUSSION 
Believing that the points raised by Professor Mead's paper would form 
a fruitful basis for discussion, the editors submitted the paper to three members 
of the scientific departments in the University of Chicago, whose comments 
follow. The editors would welcome further brief discussion of the paper by 
teachers of science in secondary schools or elsewhere. Any experiments already 
made along this line ought to be especially useful. — Editors of School Re- 
view. 

Professor Forest Ray Mouxton, of the Department of Astronomy: 
Two things in Professor Mead's article particularly impress me. One is its 
indictment of present methods and results, which is undoubtedly supported 
by abundance of evidence; the other is its conception of the place of science 
in secondary education. 

If we admit that science has, so far at least, partially failed, we have before 
us the problems of finding the causes of the failure, and then the remedy for 
it. While these questions doubtlessly have been carefully considered, too often 
it has been from the necessarily prejudiced point of view of the scientific special- 
ist. The pressure of the marvelous development of research in this country dur- 
ing the last fifteen years has made specialists more and more narrow. The whole 
emphasis has been thrown on research in a narrow and technical sense; and 
the method, rather than the spirit, of this epoch has spread beyond its legiti- 
mate bounds, and has forced itself into domains where it cannot find a place. 
As has been so well pointed out in the article, a student's conception of any- 
thing depends not only upon the thing, but also to a very great extent upon his 
own intellectual horizon and body of experience. It is when we forget this, 
that we expect a more or less technical scientific fact or theory to become as 
fully a part of the intellectual life of a young student as it is of our own. I 
feel that many serious mistakes have been made by not recognizing the narrow 
horizon of the student and his lack of interest in wide generalizations until ado- 
lescence, and it seems to me that the suggestion of turning again more toward 
natural history is in the nature of a remedy. Yet the difficulty is largely one 
of method and general attitude, and must be overcome whenever it appears. 
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The ideas encountered respecting the object and usefulness of scientific 
study are extremely varied. Parents and students usually regard science as 
having only a narrow utilitarian value. The educated classes recognize that 
it has enormously extended our experience by making the whole civilized world 
in effect a single community. Some of the more reflective minds recognize 
that it has had a deep and really revolutionary influence on the fundamental 
conceptions of philosophy, morality, and religion, and that its spirit and method 
have to some extent permeated every phase of intellectual activity. Probably 
its greatest contribution so far to secondary education has been indirectly through 
the influence of its spirit upon the humanistic and linguistic subjects. But, 
in my opinion, its high mission, which so far has not been realized, is not to 
work marvelous changes in our physical lives, or to enable us to see the activ- 
ities of the whole world, or to compel us to modify old systems and creeds, or 
to make more valuable the study of other subjects; it is, rather, to flood our 
minds with the riches of the universe which surrounds us, to show us the perfect 
system and order and unity of nature, to dissipate the almost universal super- 
stition by instilling in us a firm belief in what we call cause and effect, to make 
us honest and fearless with ourselves, and to give us breadth and balance and 
sanity and highly cultivated common-sense. If the high-schools can in some 
way make real science a part of the lives of all the the students who go out from 
their halls, may we not look for as great a change in the intellectual lives of the 
next two generations as the physical lives of the last two generations have under- 
gone? 

As one whose interests to some extent reach beyond his own specialty, let 
me express my appreciation of the paper and its attitude. 

Professor Robert Andrews Millikan, of the Department of Physics: 
I shall confine my discussion of Professor Mead's paper mainly to its bearing 
upon the teaching of physics, because this is the only division of science con- 
cerning which my experience enables me to speak with any authority or 
knowledge. 

I find myself in the fullest agreement with the author in the attitude which 
he takes toward the influence which, in the main, the university has had upon 
the course in physics in the secondary schools. This influence has been unfor- 
tunate, (1) because it has tended to force university methods and university 
material into a sphere of education to which they are wholly unsuited, and (2) 
because it has tended to restrict high-school physics to too narrow a field, making 
it, to too large an extent, a minute study of the mathematical and mechanical 
foundations upon which technical science is built, rather than an inspiring insight 
into the meaning of the physical world. 

This result has been brought about, I think, not so much because of a con- 
scious effort on the part of university teachers to make high-school science merely 
a technical introduction to university science, as because of (1) ignorance on 
the part of many of the makers of college-entrance examinations and college- 
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entrance requirements of the conditions and needs .of high-school work, and 
unfamiliarity with any sort of physics save that which they teach in their own 
classrooms; and (2) incompetence on the part of hundreds of high school 
teachers, which is responsible for the fact that their high-school courses are mere 
duplicates of the courses which they themselves were taught in college. 

It is my observation that this state of affairs is passing away in the better 
grade of high schools. The tyranny of the university over the high-school 
is surely coming to an end. The field of the high-school physics course is 
rapidly broadening, and the technical introduction is being rapidly replaced 
by an immediate presentation, in language which the student already understands, 
of the hows and whys of familiar physical phenomena, followed, not preceded, by 
a limited introduction to the technical language of physics in the translation 
of ideas already gained into equations and graphs. As a result of this change, 
I can now name a number of schools in which physics is the most popular 
subject in the curriculum. 

As to the second point raised in Professor Mead's paper, namely the rela- 
tions of the sciences to one another, I give enthusiastic welcome to an experi- 
ment upon such a general introductory science course as he suggests. The 
attempt to impress the student at the beginning of his course with the oneness of 
the world of science, and to give him some familiarity with the sort of problems 
which are dealt with in the various divisions of this world, as well as some little 
knowledge of the terms and symbols which are met with in each division, should 
assist greatly in the presentation of all the sciences. Furthermore, the imme- 
diate feasibility of the proposed plan is one of its attractive features. It will 
be a comparatively easy matter to transform the present physiography course 
into a course of the type proposed. 

The third problem which Professor Mead discusses, namely, the correla- 
tion of science and mathematics, is one the solution of which is much more diffi- 
cult, and the source of the difficulty is found simply in the fact that elementary 
science demands for its adequate presentation an extremely small amount of mathe 
matical training. One single theorem in geometry, namely that of similar tri- 
angles, will suffice for a complete course in physics, and not more than five or 
six theorems at the most ever find application. With algebra the case is not very 
different, for the equations which need to be handled in science-teaching are of the 
simplest nature. The mathematical problem of the physics teacher is simply to 
teach the student to express in mathematical form physical relations which he 
already understands, but the manipulation of the equations which are met with 
in elementary physics is extremely simple; so that, if we regard mathematics 
only as the language of science, and postpone the development of every mathe- 
matical proposition until we actually need this proposition in our work in 
physics, we shall eliminate from 75 to 90 per cent, of the mathematics which 
the high-school course now contains. There are perhaps those who would be 
willing to see some of it eliminated, but such a wholesale demathematicization 
of the high-school curriculum would probably find few advocates. 
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I take it, therefore, that we shall always wish to treat mathematics in our 
high-school work as something more than the mere tool or language of science — 
something which may profitably be studied for its own sake. Nevertheless, 
in the study of mathematics for its own sake it is certainly possible to take away 
mnch of its abstractness and unreality by illustrations drawn from the domain 
of science. In other words, it is possible and desirable to use science for the 
sake of fixing and emphasizing mathematical laws just as truly as it is possible 
and desirable to use mathematics for the sake of interpreting and fixing phy- 
sical laws. Hence I welcome attempts to interweave the science and mathe- 
matics work, particularly in the early stages of the high-school course. The 
introductory science course which Professor Mead suggests ought to furnish 
an admirable opportunity to get mathematics and science into more mutually 
helpful relations than they now occupy. The feasibility of continuing the 
intimacy of connection throughout the later stages of the course is perhaps more 
doubtful. 

Professor Charles R. Barnes, of the Department of Botany: I have 
read with interest the article on science in the secondary schools which was put 
into my hands a few weeks ago. In the main, I think, I agree with its posi- 
tion. The insistence upon establishing a connection between science and mathe- 
matics, and bringing the whole of scientific instruction into intimate contact 
with the child's world and his ideas, is certainly an excellent one. 

If there is any criticism to be made, it is that the article has perhaps failed 
to emphasize sufficiently the difference between scientific training and scien- 
tific information. The present failure, as it seems to me, in our secondary schools, 
so far as science-teaching is concerned, lies in the failure to establish scientific 
habits of thinking. It is this scientific training in correct reasoning upon ade- 
quate evidence that can be imparted by instruction in any science, or, for that 
matter, in any subject. Up to the time of adolescence a child has relied, per- 
haps properly enough, upon the method of authority — the authority of the book, 
of the parents, of the teacher. He ought to begin in the high school to lay aside 
this crutch and to rely upon the interrogation of real sources of information. 
I would not deprive him of other sources, nor minimize their importance as 
short-cuts to probable information; but he ought to learn how knowledge is 
acquired, and particularly how it is to be tested when occasion arises; and he 
ought to acquire a wholesome skepticism in regard to "authority." 

It seems to me that the article lays stress upon his right to a body of infor- 
mation, which doubtless is both useful and interesting, inasmuch as it is inter- 
pretative of the modern world. It is much more important that he be stimu- 
lated, through interest in the world about him, to acquire a scientific attitude, 
than that he acquire a fund of information more or less accurate. If the latter 
is to be imparted, it can be done only when adequate time and an adequate 
teaching force is provided. From time immemorial the child has been given 
that comprehensive view of the relationship of the history and literatures of 
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the past to this present epoch. That this has been highly useful goes with- 
out saying. When science began to develop, it was simply interpolated or 
superposed upon the previous courses, or a bit of it was made alternative with 
them. So "science" was treated as a single subject, co-ordinate with history or 
language or literature or philosophy or economics. The real co-ordination, 
however, is between science on the one hand, and humanities, speaking broadly, 
on the other. If one compares the teaching force and the time devoted to these 
subjects of human interest and relation, with the corresponding factors in science 
teaching, it is obvious that the latter is still considered as merely one small 
feature of the curriculum. When each science stands co-ordinate with each 
language or each division of history or each literature, then, and then only, 
will it be possible to give the child his rights in the matter of a comprehensive 
body of scientific information. 

At present I think all that we can hope for is a beginning, which shall have 
for its object the establishment of a scientific attitude of mind by interested 
study of natural phenomena in any line which may be permitted by the resources 
of staff and equipment. 



